Abstract-Imaging data acquired with the Shutde Imaging Radar (SIR-A) over the hyperarid region of Egypt/Sudan clearly show surface penetration through the sand cover. Even though absorption does occur in the sand layer, surface refraction leads to a steeper incidence angle at the sand/bedrock interface resulting in a stronger backscattet.
I. INTRODUCTION
IN A RECENT paper, McCauley et al. [5] reported that the radar images of southern Egypt ( Fig. 1 ) acquired with the Shuttle Imaging Radar (SIR-A) clearly showed subsurface features ( Fig. 2) which are covered by a thin layer (fraction to a few meters thickness) of dry sand. The presence of these features, which include drainage channels, faults, and terraces, has long been suspected. However, the features were visible neither on Landsat images nor in the field because of the omnipresent sand cover. The area imaged is part of the Selima sand sheet, near the Egyptian/Sudanese/Libyan border. This area forms the core of the most arid region in the world, where rainfall is estimated to occur at about 30-to 50-year intervals. Laboratory measurements of the complex dielectric constant of sand samples from the area in question showed that at L-band, the SIR-A frequency, the skin depth ranges from 1.5 to 6 m [6] . Field observations by two of the authors (C. Elachi and G. Schaber) showed that the sand layer thickness ranges from 0.8 to 2 m. In a more recent paper, Blom et al. [1] could enhance the capability to image the subsurface features, due to the refraction at the air-sand interface. The refraction results in a smaller effective incidence angle and a stronger backscatter which can compensate both for the losses due to absorption in the sand layer and the reflection at the air-sand interface.
II. FORMULATION FOR DIRECT POLARIZATION

BACKSCATTER
The backscatter cross section of a slightly rough surface is given by [7] , [8] as = f2(el, X, 0) W(2k sin 0) (i) where e1 is the real part of the dielectric constant of the medium, X is the wavelength of the incident wave, 0 is the incidence angle (see Fig. 3(a) for horizontal polarization, and 
where T(O) is the transmission coefficient at the surface [2] , and sin 0 = V/7 sin 0'. The relation (4) shows that the roughness term W is identical in both the expression for or and ass.
Thus the effect of the layer can be characterized by the ratio R Fig. 2 and on the cover. IV. SUMMARY In summary, the SIR-A imagery of the hyperarid region in Egypt clearly verifies what has been suspected, based on theoretical consideration, that imaging radar can image subsurface features when they are covered with a thin layer of low-loss material. This was reconfirmed by analyzing some Seasat data that were taken prior to the SIR-A mission. The presence of a thin low-loss layer in many cases enhances the return signal due to refraction at the surface interface. This enhancement effect is most pronounced in the HH polarization and at large incidence angles. A key factor is that the surface layer be characterized by a very low loss tangent, which implies a very low moisture content (less than 1 percent). This was the case in the Egyptian desert as well as in the Means Valley.
More detailed investigations of the hyperarid regions of the world are planned during the SIR-B mission which is scheduled to take place in August 1984. During the SIR-B mission, surface images will be acquired at 6 different incidence angles ranging from 150 to 600.
The hyperarid regions are mainly located in northern Africa, and along the western coasts of sourthern Africa and southern America. Subsurface imaging couid also be achieved in polar permafrost regions. [4] and subsequently by several other laboratories using either crane-mounted or airborne radars. In such experiments, the calibration of the scatterometer signal has always been done by using gravimetric sampling of surface soil moisture. Such a technique, which is considered a reference measurement, is incompatible with an air-or satelliteborne mission for soil moisture at the regional scale: it requires too many people and too much time for calibration and it cannot be implemented on more than one or two sites. In the near future, with the development of several airborne systems, the demand for a more practical means of obtaining surface soil moisture measurements will develop. The method must include several conditions; it must: i) present a good correlation with the gravimetric sampling, ii) be able to account for the spatial variability of the 0196-2892/84/0700-0388$01.00 © 1984 IEEE
